investigations a large outbreak of acute gastroenteritis was detected. Simultaneously, two studies were completed to identify risk factors for infection with Campylobacter and acute gastrointestinal infection (AGI): (1) a case-cohort study using Campylobacter cases (N ¼ 101) with a large random sample from the municipal population as referents (N ¼ 1000) and (2) a retrospective cohort study for the outcome AGI using the same sample. A postal questionnaire was used to collect demographic, clinical, water and food consumption data. Measures of association (risk ratio (RR), odds ratio (OR)) and 95% confidence intervals (CI) were calculated.
Swedish drinking water is comprised of 50% groundwater (which includes bank filtered water) and 50% surface water. Most groundwater is non-chlorinated.
Surface water is chlorinated but at a low concentration (0.1-0.3 mg/l).
The port of Sö derhamn lies on the east coast of Sweden, 250 km north of Stockholm. The municipality of Sö derhamn covers an area of 1062 km 2 and has a population of 27 765.
In January, 2003, the County Medical Officer (CMO) for Gä vleborg noticed an increased incidence of domestic, laboratory confirmed cases of Campylobacter in the municipality of Sö derhamn. At the same time cases of acute gastroenteritis infection (AGI) were reported in the community. In order to identify the sources, modes of transmission and vehicles for the outbreak, the Swedish Institute for Infectious Disease Control (SMI) was invited to take part in the investigation along with the Environmental Health Protection Board at Sö derhamn.
An initial rapid assessment based on 750 telephone interviews indicated that 24% of the population selfreported AGI, potentially affecting some 6 -7000 members of the population.
The water supply was suspected as the source of the outbreak for the following three reasons.
1. There had been a previous waterborne outbreak in the municipality at a similar time of year (Sandarne, November 1998).
A contaminated routine well water sample with one
E. coli had been analysed two weeks prior to our arrival (15 January 2003).
3. It was felt that the 24% attack rate of self-reported AGI in the community, and the increased reported cases of Campylobacter, were probably associated and that more than one pathogen may be involved.
As water supplies were suspected to be at the origin of both outbreaks (Campylobacter and AGI), preliminary and immediate measures of intervention included: † intensification of water sampling; † chlorination of the water supplies of the municipality; and † holding a press conference to inform the population.
No advice on boiling water was issued.
METHOD Epidemiology
We thus found two simultaneous outbreaks, which may overlap to some extent. One was the outbreak of verified Campylobacter infections, while the second was the larger outbreak of self-reported acute intestinal illness. Since most of the patients in the latter outbreak were not tested for Campylobacter, there may well have been unidentified
Campylobacter cases in this group as well.
Two epidemiological investigations were simultaneously completed to identify the role of the water supply and other risk factors in both outbreaks: a case-cohort study, using laboratory reported cases of Campylobacter infection and a large random sample of the community as referents, and -using the same random community sample -a retrospective cohort study to identify the risk factors for self-diagnosed AGI. 
Case -cohort study

Cohort study
The expected high incidence of AGI in the population allowed us to use the random sample of 1000 controls in the previous study as a retrospective cohort. The same questionnaire was used as the case-cohort study, with the objective of assessing if water consumption was also the vehicle of transmission for the concomitant outbreak of AGI.
A case was defined as a person living in the Sö derhamn municipality during December 2002 and January 2003 with self-diagnosed AGI. Attack rates of AGI were compared by the amount of water consumed. The chi squared value for trend was used.
Sample size
The number of estimated cases and a planned size of 1000 people in the random sample of the cohort allowed for a power of 80% for the cohort study (alpha þ5%, detectable RR ¼ 12) and 80% for the case-cohort study (alpha ¼ 5%, detectable OR ¼ 12) plus an estimated 80% rate of response.
Data management and analysis
Epidemiological data were entered and analysed using Epi Info 2003 version 3.2 (Center for Disease Control, Atlanta, GA).
Microbiological investigation
The Gä vleborg county surveillance system first noticed the increase of domestic Campylobacter cases. The Gä vle hospital laboratory use standard methods described by SMI to cultivate Campylobacter from stool samples (Referensmetodik 2002) .
Molecular typing of Campylobacter was completed using pulse field gel electrophoresis (PFGE) and restriction fragment length polymorphism (RFLP) analysis of the flagellin gene flaA in C. jejuni (Nachamkin et al. 1993) .
Environmental investigation
Water was sampled using routine methods as described by the National Food Administration Guidelines (Livsmedelsverket 2002) .
Analysis for Campylobacter in the water samples was completed using modified guidelines SS 0281 65 /NMKL 119 (Livsmedelsverket 2002) .
RESULTS
Epidemiology
Case-cohort study
In all, 101 cases of Campylobacter infection were reported during the study period. Of these 68 (68%) responded to the questionnaire and were included in the case-cohort study.
Of the 1000 questionnaires sent 563 were returned (56%). The age and sex distribution of the sample and the Sö derhamn population were similar (Table 1) Overall, 67 of the 68 cases (98.5%), and 461 of 548 (84.1%) controls for whom information was available, had consumed communal water during the study period (OR ¼ 12.6; 95% CI (1.7-92.3)) ( Table 2) .
Estimated from the OR, the relative risk of illness increased with the amount of water consumed (Table 3) .
Analysis of exposure to other food items, food outlets and pets did not increase the risk of illness (data not shown).
There was an increased risk of illness associated with the amount of water consumed ( p ¼ 0.05) ( Table 5) .
Microbiology results
From the 101 cases, Campylobacter was the only pathogen isolated. Patients were sampled once.
Eleven of the human Campylobacter strains were typed showing five different subtypes. With respect to this outbreak, using the SMI typing system, these were named one to five.
Three campylobacter subtypes were grown from six sewage water samples taken from a single inspection point on the mains sewage pipeline. They are the same sub-type as three of the human strains. Three further strains were typed from samples taken at a suspected source. They were not the same as the human strains.
Neither Campylobacter or viral matter was found in the water.
DISCUSSION
In this study we describe an outbreak that is likely to have involved at least two pathogens causing Campylobacter infection and AGI, affecting over 6000 residents of the Sö derhamn municipality (25%) and our data suggest it is epidemiologically associated with the communal water system.
These findings are consistant with other Swedish waterborne outbreaks involving Campylobacter, which generally affect about 20% of the community. Campylobacter is an exception, as waterborne outbreaks involving other pathogens in Sweden generally affect between 40 -80% of the community.
Influences which could have occurred and distorted our results include information and selection biases.
Information bias is common in the investigation of waterborne outbreaks (Craun et al. 2001 ) and cannot be excluded from this investigation. The outbreak had been Chi squared for trend p , 0.01. p For the purposes of calculating the odds ratios a figure of one was inserted in the category None ¼ 'No communal water consumed'. Regarding selection bias, the cohort was randomly selected from the population register and should therefore be representative of the source population exposed to the communal water (which gave rise to both Campylobacter and AGI).
The telephone survey indicated a 24% incidence of AGI in the community, which was almost identical to the figure yielded by the postal questionnaire. This indicates that a rapid telephone survey is a reliable and quick method.
The case-cohort methodology was used for two reasons: (1) the combination of preliminary evidence from the telephone survey of a 24% incidence of AGI, in comparison to the relatively few cases of Campylobacter, suggested that at least two pathogens may be involved, and
(2) because the communal water system was suspected, it naturally defines a cohort.
Using this study design, it was possible to amass two bodies of evidence from one study, the case -cohort and the retrospective cohort. Both of these suggested that the This is the second waterborne outbreak to occur in this municipality in the last five years.
There was no history of disruption, or major works of maintenance, to the water system during or preceding the outbreak. Routine maintenance protocols had been adhered to fastidiously. The only two anomalies were: (1) NLV is found in contaminated surface and groundwaters. The US Environmental Protection Agency (EPA) is interested in preventing NLV contamination in treated water used for consumption, and these viruses are on the EPAs "contaminant candidate list" for regulatory consideration in drinking waters (Craun 1992) . Future drinkingwater regulations may need to ensure that treatments are adequate to remove NLV from source waters.
Waterborne outbreaks continue to occur in countries with advanced economies and access to proven drinkingwater treatment technologies (Hrudey et al. 2003) . Such outbreaks inflict suffering and cost on society (Andersson et al., 1997) and question public confidence in the management of the public utilities and public health services.
As previously mentioned there is a changing pattern and nature to waterborne outbreaks (Craun 1992) in Sweden. The Walkerton Inquiry (Hrudey et al. 2003) in Canada demonstrated that in many waterborne outbreaks the circumstances are specific, but many of them also have common and recurring themes.
The pattern has changed from that of untreated groundwater with an identified agent, to inadequate, or interrupted, disinfection with rarely identified agents, despite a growing list of water contaminants (Craun 1992) and methods for detection. The consequence of the lack of hard evidence is an unwillingness to accept or apportion responsibility.
This pattern may create a tendency to rely primarily on compliance monitoring as a mechanism for managing drinking-water quality. Although this is a necessary part of drinking-water quality management, it is not sufficient to guarantee the safety and quality of drinking-water supplies.
With the changing nature of waterborne outbreaks and the increasing absence of a detectable pathogen, there is a greater need for epidemiological methods to provide the evidence.
By identifying the source epidemiologically, research can then be directed towards identifying the circumstances surrounding the outbreaks and the results of that research can be translated into more effective policy, regulatory standards and management, which may address the specific circumstances of an outbreak and also contribute to the broader issues of drinking-water quality raised.
CONCLUSION
The case-cohort approach was efficient in its use of time and resources and appropriate for this situation, where a communal distribution system is suspected as the source of the outbreak and naturally defines a cohort.
The method produces two bodies of evidence, which in this case corroborate. They demonstrated that both Campylobacter and AGI cases were associated with the consumption of communal water from the municipality, in the absence of an identified pathogen from water samples.
